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ASSTJ1ACT 

TORTIS is a device for preschool children to comnunicate with and program 
tiie turtle. It consists of several boxes {currently 3 button boxes and two 
bTox boxes) designed so that only a few new concepts are introduced at a time 
but more can be added when the child becomes familiar with what he has. 
Hopefully transitions are gradual enough so that the child never thinks talking 
to the turtle Is too hard or that he is "too dumb 11 . And hopefully playing with 
the system should teach such concepts as numbers, breaking large problems into 
small solvable steps, writing and debugging procedures, recursion, variables, 
and conditionals. Most important of all, it should teach that learning is fun. 
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INTRODUCTION 


TORUS I Todd I er' a Quo Recursive Turtle Interpreter System! is 
a device for preschool children to communi cflta with and program the 
turtle. It Consists Of SSvtral b&«S9 (currently 3 button bo^es and 
tua b i on boxesJ designed so that only a feu new concept? 1 flrn 
I n tr^dwCSd at a time but morn tan be added uhgn the child becomes 
familiar with uhat he hs*, Hopefully transitions are gradual enough 
so that the chi id never thinks talking to the turtle le too hard or 
that he Is ''too dumb, " And hopefully playing uith the eye tee should 
teach such concepts ao numbers, breaking Jgrg* problems Inb email 
solvable a tape, uniting and debugging procedures, recursion, 
variables, and conditionals. Host important nf all, it should teach 
that learning !e fun* 

I am hoping, that the b I ov box 1$ sufficiently advanced so 
that the transition to logo ui I I be easy. And I uould like to expand 
the system to include programming music also, at the Children seem to 
enjoy noises more than drawing, 3 am not sura of the best way of 
doing this yet and ideas arc vary we I cone. 


DESCRIPTION OF THE SYSTEM 

The turtle- Is a disk about one foot in diameter equipped with 
a light, horn, and pen. It can move forward r backward or rotate 
about its center (where th* pan i •}, When the pen is down the turtle 
dr awe as It moves. 

The first box the child sees (the small esnsands box! has 
nine buttons* H for ward" 1 , ‘"back’, "right*,, "left", "toot", "pen up", 
"pen down", * light on', and 'light off". Each button evokes an 
immediate response fro** the turtle. Next the child is given a larger 
box I the commands box! which has a top row consisting of the buttons 
on the small commands box plus a bottom row of numbers from 1 to 10. 
and a "stop" key. The action buttons still evoke an immediate 
response Put an action button preceded by a number button causes the 
action to be executed that many times, "Stop" interrupts the turtle 
1 muted lately. 

The newt box I the memory box) consists of four Put tans: 
"start remembering"". "atop re m amber i ng", "do It", and "forget It*. 
This bon plugs into the side of the commands box* Pushing "start 
remembering’ 4 causes a eerssn to light up and thereafter lists all 
commands. "Stop remember i.ig" stops adding to the list (goes out of 


remember mode)* "Do it* executes the eonm-anda in the list* 'Forget 
it" cl ear a the aereen. This enabiae a child to define one procedure, 
but not to edit it* 

The bloK bow nil l hopeful Ey exist within a few months. 
Commands are {instead of buttons! blocks. On the top of each block is 
a picture representing the command* The blox bo* provides an array of 
hoi we in uh i ch to place the conn and. There ere five rows of IE 
command positions., Above each command position {except the leftmost 
of each row! is a lighted pushbutton. The light indicates where the 
turtle is. If the light is on above some particular hole* the turtle 
waits until there it a block there and executes the command 
represented by the block. Then the Sight moves over one position to 
th« right* Pushing any button causes the turtle to Stop whatever It 
ia doing and start where the button was pushed. 

Each command position actually consists of three holes cf 
diffe-rent shapes. The large hole is for a c-ommand, (like * forward"! 
the narrow rectangular hole is for an optional number block, and the 
small bp In is for an optional conditional block. The condi t Iona I s 
arg "if front ie touching Eomelhing", "It back is touching 
some th i ng* * "if right side Is touching some thing" * and 'if left side 
is touching samething“* (The turtle has tmich sensors for testing 
these conditions.) The leftmost hole in each row is fpr the purpose 


of naming that row ae a procedure* By placing a red block In that 
position* for Instance, one can call that procedure by placing a red 
block elsewhere. {perhaps it should be legal tD redefine the basic 
commands by using . them as procedure names like in Smalltalk,.} Name 
blocks are the same shape as command blocks* 

The other main concept in the blox box is variables* fart of 
thn system ul U be a scope on which will appear five differently 
shaped polygons, each with a number written inside. For instance* 
triangle might have *3" inside. If it does* then using the triangle 
block t shaped like a number block) to aske the cowitgnd " tr I any I n 
forward 1 ' causes "3 forward" to be executed. Values can be stored in 
triangle with the "store Into triangle" block, shaped either like a 
command block or vaguely like 3 “T". Ths block shaped like a 41 T" 
allows room for two number blocks and an arithmetic operation block 
to facilitate commands like “stars 3+5 into triangle* or "'store 
triangle+2 into triangle". 

The blox box may sound complicated but the child once again 
should be introduced to new concepts gradually. At first he will see 
only one row fthe small blox box consists of the top row of the large 
bios box as an independent entity! and have only command blocks. Then 
he can be introduced to number blocks* Then in what aver order is 
experimentally determined as best tthough one at a ties) he car be 
introduced tc the large blox pox, variables, procedure names, 
conditionals, and T-shaped value storage blocks and noerations. 


HOW TO PLAY UllTH A CHRD AND TOTHS 

The r*al n quality one needs to help a child pipy with the 
button box | g common sengg, ] t Is possible to r*3kg mistakes though. 


r Qplr P r ■«*,<» i aim™ **„ 

K^r ■ b y - b4d th3t at >flaBt fihe chllcl refused to move when 

- m®* ' n thfl and 6thBra ^tad trying when their 

teachers yelieJ at them for ‘'having fyn, not learning, " 

The phi loBrphu of the button bo* I, that only * Mttla bit 

° ^ d ® l 3 ■ Df *« button* (and later blocks] hr 

,. nnrH ? 1 th ? Ch,ld Bure of th * previiMi set. It 

Important that the child n«jv#r feel that he I 0 dumb* 

that the button bo* is "too hard" for him* thy* it 
to propose problems to the 
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back is a n st Of "project," ib^pr'oki^’ordJ^; 'Si ty!" ^ 

nft6 1 , haV * that th ^ Chi ld., if left on hie Own ui th the box 

Otter, gets ,nto a -1 oop H . for instance 

t QO t s ■ «• + 61 c. 0¥#r sfi rl over 

no t HI . + ’■—■■V inn-flu. wnne there r& 

noTnmg inherently wrong an 

? 0rvQwB ho» I c i da F adults trying to work next door I, 
to give- ths chi Id other things to tfa 
not be an obsession, though. 

knows for ?»hlle it is net necessary no introaue* new things, Fqr 

it more convenient to 
hi a (nether (Mho was 
'earning enough or somethimy. 


hitting "1 toot, 
fioaily getting bored, While there 
tooting thousanos of times (assuming no 

it ia a good idea 
before he gets bored. It should 
If the child wishes to play u 1 th what he 
'a hot neceasary to introduce new 
instance, one boy was trying to draw and found 
not use the number buttons. This worried 
watching} because she thought he wasn't lean 
and she kept nagging him to use the number a. 


* * !* tri *° lat ^ mor<? tha " on * child play with the bo* 

91 m u F t a neou s y and that usually dees not work* It ie extreme iu 
rnportant that only one child at 3 time hit the buttons since havjno 
anothsr persoh pushing the buttons gets confuaing if the child doe? 

Thl ?K*iw ftdBr f t w° dl . th ® **" *** fruEtr 3 ting if ho is trying to draw. 

The ch'Fd *ust be ,n corned, The teacher may make suggestions but it 
up to the child whether or not he 
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, , - -— follow# guggas t ions * And hr 

P * r,n **- "" rando " 

Thero are two gettings in which 3 "vs used the Dutton box. One 
** ' " 3F1 ® ffl = e hr th relatively few ether distractions, Th* chi ld had 
an appointmnt and pt was clear that that hour was "turf I# time " 
^' 8 worked well* The children stayed interested about as 

hour usually. Left a Iona in the office older children EE, 
managed as well as with a teacher and younger children lost 
quickly. Pno flaw m this environment, [ to it 


was that 


br riorel 
1 ntores t 
the child 


GCMJ d " dt l aka * break* since the mother was usually there and 
to take the child homo at first sign of fidgating. Another 

* t ! h ' C ^' d *^ ht have fe| t tincom*ortabl e in such 3 stranyc 

setting, though I th-r* most of then got over that quickly. Another 
problem was toe many atfuMs. Many people would pass by and corns in to 
Jf! 1,0 B5 Parents who were there original fy. So many people 
even make me nervous and it certainly bothered th* chi Idr*n. Parents 
were especially pad u i nee they were an* i oua for their child 
smart and consequently nagged at Ihp children to go onto 
and yolfed at them f&r giggling. Parents were a help when 
tno right attitude, however. suggesting projects, 
kids* playing with the*, etc* The 


to appear 
non things 
they had 
laughing with the 


__ t ..... ie ne*I section contains descriptions 

of some sops ions under these conditions. 


Another Betting was 3 nursery achaoL It was 3 very 
unstructured one. The chi Idren WC-re taught to Share everything anti 
there MSS extrema group pressure against playing uith 3 toy and nat 
letting other children share it. The result wg* that (with a feu 
exceptions) the children a 1 l bunched a round the bo* an d (ought over 
the but tuna for a feu days and then lost inter eat, When I tried to 
lot one child use the bon at a time, everyone else stood around 
complaining (very unnerving to the kid try mg to play uith the box! 
and insisted chi being allowed to play with the terminal, turtle, and 
telephone while the other child played with the bow, Which gf -courae 
made the box useless. A feu children occasl on-g I I y played with the 
turtle after that but 1 was fairly sure that Betting was not 
conducive for using the box* The setting ] attested to try next was 
a very large nursery school {about 8@ children! with a aeparatp room 
tor the turtle. Children would be brought up to play in groups of 
1*2,cr 3 whenever they wanted to play. Various problems (irrelevant 
like the equipment would not ba locked at flight, ate.} 
pra-vun ted ft*y imp lament i ng it however. E'* not sure what the beet 
environment would be, It seems Clear that with younger Children you 
need an entire adult (not divided by other respondibl11t1ea during 
turtle time! and very few children 3t a time. 

It le probably more fun to the child to figure things out oh 
hi a own. You can act like you arc learning with him, "Gee, let'a 
find a button to do that* Poes this?.**** but should not explain too 
psuchu A good way to help him learn Is to get hi* to tel! you what 
each key does, [f he has problems getting the turtle to do what he 
wante, play turtle yourself with verbal commands from the chi Id. [f 
there are still problems, gat the Child to draw the figure hi wants 
and. have either you or the turtle trace that path. 

Post important is to have fun lor at least act convincingly 
like you are). Act excited.. praise the child, never eri tides* A 
four year aid's job in life is to have fun, so- he I p hi m do h i a job. 


EXAMPLES OF A FEU SESSIONS 

John just turned four years old. Ha w3b very Shy at first and 
would not go over to the box without hi 3 mother. After she hit a tew 
0 + the keys, he gradually get more and more Interested. After ten 
minutes he was total ly comfortable with it. He narrated ail his 
actions iihs, "Now 3’m putting the pen down SO the turtle can draw*- 
"Now I*m putting hiu light on so he can see," At one point, the right 
wheel started rubbing a bit SO I fixed it. Mb said, "That’s because 
real turtles don't have wheels. They have lags," He uAb very happy 
and was giggling and: chattering along with everything, but his mother 
kEpt saying, "Don’t be silly, John, or [’I! take pnu homa, h 

Ho would hit S toot and count along with it And explain to me 
that It tooted E time# because he hit &. He also thought It was 3 
let of fyn to atop it before it was finished, 

IH i a mother waa very aggresaive unfortunately. When | told her 
after wards that John a earned! very smart She aaid, "’That's really a 
rsiMef, I was afraid he would not asem Be smart as the other children 
who had come hare." Anyway, with that attitude ahe constantly kept 
urging hrm to do different things. So She would say, "But that's 3 0 
slow!" every time he hit a motion kay, since he did not seam to like 


to use the number keys with the motion kaya. When she said that he 
would invariably hit a 10 n**T time, I'm not sort Whether that 
confused him. He might havs thought that the numbers controlled the 
ahead instead Of the distance. Or he might just have prsferr-ed not 
bothering since he could keep the turtle moving more steadily tsy 
pressing a single .tiy thac by reaching bach and forth between two of 
i hr ". 


The flrat problems he solved were moving the turtle to 
arbitrary points in the ■room. He alee tried * ah ring the turtle unroll 
the paper by backing away a little and pushing 10 forward. He only 
dlsoovsrad that atatcgy after a lot of evperimentation. 

After about an hour John was told that he had to go and 
wouldn’t he like to come back some other time.. He said. "Nd, I want 
to stay, " Nevertheless, hie mother took took bin- home, 

Hrr cams back a week later. He seemed to retain everything he 
had learned the first time. He tried to draw a square and ended up 
with a triangle. Ho was not unhappy with it, though. [ ohowad him 
the memory box and he filled the screen a few tines but was not 
watching the turtle while he did that. After that, though, he ignored 
thesis keys and played only with the others. A 12 gear old friend had 
corns with him and tried to gat him to play with the other keys. She 


really interfered saying, "Push this key. Now push that one." 1 John 
last interest about then and his mother took him home. That session 
lasted about a halt hour. 

Susan was the first child [ worked with. She is A 1/2 years 
0 -Id, Her mother tgld me she was a slow- I ear oar with a short attention 
span and was a little afraid to bring her hare. She said she didnM 
know how to count very wel l, just recognized a tew of the number®. 

Susan was afraid to hit any buttons without knowing first 
what it would dp. She was vary afraid of making a mistake or getting 
people around her angry, Sha would keen saying things like, "Which 
button should I push now?" tf t seked Questions like, "Carr you make 
the turtle Cpme over to dS-?" She would often autoiis t icall g sag no. 
She bid get enci ted by the toot uith the numbers. Sns did not raally 
know the numbers. tShu recognized "1" and "5" and called "'10" eight! 
But she realized that if she hit "7" shg could count up from "1“ 
until the key she puabsd to find out hou many times it would toot. 
She also enjoyed stopping It with the stop key and would say, "1 told 
It to toot this far ever but S stopped it hare." The concept excited 
her so much that she did it Over and over and then took the three 
pennies she had out of her pocketbook and placed them over the keys 
(starting at 11 and said, n J have that many pennies.” 

During the flrat session she also learned to control the 
light and pen, She also could make the turtle move in a straight 
line, but ehe never tried using numbers with the forward or back 
keys, Even after E ehawsd her how it want further after pushing "10" 
forward sho still continued poshing only the notion keys, (However 
ehe always used number® with "toot"! She did not understand the 
turning keys at all. Uh*n [ asked her to describe what the turtle 
did when those keys ware pushed she said, "it moves." ] asked her It 
it moved the ea«c way as when forward or Pack were pushed. She said. 


"It doesn't draw 3 tins uhr;n these art pushed," 

The first session lasted about 45 minutes- At 1 hr: ■rrnd [ drew 
3 stiuare and asked her if she could nake ths turtle go into a square. 
(Not dr an one. just move into that p(ace) She then decided she wanted 
to draw, herself. Shortly after that her mother took her home. 

During the second session 3 had tuo serious hardware 
problems. First, the right; wheel 1 was not moving very well, 
leonssqufint ly. forward and right resulted 3h the same movemen t. etc. I 
Also the computer would sometimes spew several characters to the 
turtle. The problems got Steadily worse throughout the session. Uhen 
I had tea ted It before she came, the tew tl&ee It did the wrong thing 
I assumed were freak accidents Hike line noise). Otherwise 1 would 


have cancelled the session. However It was interesting for a feu 
reasons. She got very interested in the hardware. She screwed and 
unscrewed the lightbulb and kept asking utiy the turtle was sick. 
Unfortunately she becawe totally contused about the motion Kays. The 
second session lasted about one half hour. 

The third session went sonewhat be tier, At least everything 
was working. She did get to wnderstand why it was necessary to turn 
the turtle and She did occasionally use nun bars uith the motion keys. 
Her favorite thing was the tooting. | think she liked it because Shi; 
realty unrf*r Stood it 3rd liked the power of knowing exactly how to 
hako the turtle do what she SskaP, The third session lasted about a 
ha If hour. 

The sessions wars about two days apart. She seemed to retain 
moot of what she had learned fron one session to the neht. She would 
insist She did net want to go home but shs would want to draw or run 
around or play piano for a while. it is unfortufilt* that the way 
everything was set up< the child eeuld not take a break. since the 
mother'a time was tied up the whole time the chi la was here. 

Kate is Susan's S 1/2 year old sister. She is already In the 
first grade. She had no trouble with any Sh I ng on the bo*. She even 
Anew whether to push forward gr back by checking the turtle’s frame 
of rafaranco. She was not quite ae goed on the turning keys. If 3 
aeked her to think first she usually picked the right key. Otherwise 
she would randomly pick one and switch if if was wrong. The first 
Stamp she played was chasing me around the room with the turtle. 
Finally I turned It facing opposite me and said, “Usl I at least it 
uiilF take you awhile tD turn it around this time." She said, "No? 
I'll beck it up," So she pretty much undcrsjtood everything. Then she 
tried "parking" it under the chair which required backing oft 
sometimes in order to proceed further in. This t&Ok her 3 long time 
to figure out but She finally euccnededH Then she triad drawing. She 
was not too satisfied uith her attempts, mainly because she couldn't 
sraifl mistakes and It was bard for bar to judge angles with the 
turtle sitting! on fop of the drawing. She always Used numbers with 
ths motion keys. She did soKStlmes make mistakes on right and left. 
If she wanted to move left about four steps and She pushed 4 right 
instead* she would Invariably first push 4 Uff to correct and then 
another 4 left instead of pushing S left. 

After about an hour I gave her the ■nsmory keyboard. She 


under-a toad that easily. And she realized that by drawing a few lines 
randomly and pushing IS "do if she made pretty pictures because of 
the symmetry. She was still very much interested after two hours. 
However her mother U3b getting tired enough bo that she had to leave* 


i s 


liareha was the youngest 
1/2 years Did. 


child I've worked with so far. She 


The first thing she discovered mas the "'loot" Key* She went 
up through alf the numbers hitting 1 toot. 2 toot* etc. op until 18 
toot* counting along with If. Then she turned the light on and off. 
At first she a I mays used a number hi th the light keys but then ju8t 
hit the keys. The pen commands puzzled her and she aeked what they 
did* She liked the noise and couldn’t understand why it made no 
noise the second time. Ipenup does nothing if the pen is already up) 
Bhr had trouble when turning the turtle around since if she used 
rruebers she would forget whether it had been right or Faff she had 
pushed and she would push the other one. After a while she 
discovered the scope and pressed all the numbers* Hatching them 
appear there* Then she pressed buttons and looked St the words* 


She had a lot of difficulty making the turtle come to her* 
She prsueed different k*ys almost randomly* She was really surprised 
that back didn't naan come to ner, since It pointed to her. 
Eventually ahe discovered an algorlttm that worked. She would push a 
turning key until it eventually pointed approximate Iy uhare she 
wanted* Then she uould push either forward or back and correct if it 
did the wrong thing- She really bad trouble adjusting to the 
turtle's frame of reference. 


She did solve th* problem of getting thn turtle to an 
arbitrary point on the paper* though awkwardly. I then suggested ehe 
try to make the turtle drew epnathlng, tike a square. After much 
trouble she eventually got about three sides drawn, but she could not 
get the turtle to make the last side by getting pack to its original 
pOsitiOhi 

After about AS minutes she said she was getting tired and 
wanted to play with someth I ng slst* 

Patty «s 4 1/2 years old, Sh# uaj afraid to push keys on leas 
she knew what they would do, but she was not shy. She continuously 
asked Question*, sometimes to ask what a key did and sometimes to 
find out which key would do what she wanted* 

She also had trouble w»th adjusting to the turtle’s frame of 
referenda. She continued lo agk questions like* M Uhat button makes it 
go there?" pointing in a directs no perpendicular to forward and back* 
She used the number keys with thft motion keys. She tried drawing a 
oqiuaro but It came out very lopsided. 

After about 1/2 hour her Prather decided he wanted a chance. 


She let him have a chance but She said she couFd hardly wait until 
her hOKt turn. 


At this point n'hn had 3 chance- to watch the scope. Eh* 
suddenly noticed a ward aha recogmijsd whan her brother hit "light 
oh ! 11 and called, "hey WOw! It hade a word that spalled N on“. w She 
n i; k tj rd him to push all the hays so aha could aaa what it would write. 

5t>o got her turn again after aSout 1/2 hour- She got really 
sweited about the scope and wanted hr; to read everything it said. 
Uhen she iventua ( I y started remember iog things she'd tall me whet It 
sa id. The only words she had known were "up, " “down," "on," and 
"off* 1 ' She also Knew the numbers. She comp I ainsd that "0" looked like 
"Sr 11 The slashed B uaa contusing her 3 bit-. 

Since she was ao Interested in the scope, I let her play with 
th* memory Pen. Shi u.iij not Inters*tad in using It to make the t-urtio 
remember. She just liked having mors words to find out about. 

Eventual ly she went back to drawing but ignored the *smory 
box. She improved s&mswhat on her prsvioua square. 

She went hd*a after almost three hourg [put her brother had 
played with it some nf the time.) 

Sobbie is S years old, Hi is Patty 1 a brother. He bad watched 
hi 1 lister at first and started right in. He had bain vlry Critical 
of hie sister. "Ld t *** go, Shi's not drawing anything good. Ehe’s 
just playing. " I asked him if he mould like to ii-;iu 5 square. He had 
prg y i oua E u noticed the memory free and asked about that. He really 
wanted to see that first. i showed him how it worked. He tried 
filling the serein, Hi couldn't really understand what was happening 
00 he got discouraged. "I am not smart though for those. " I said not 
to worry about it, I'd show hi it again later. He fried drawing a 
<iOM 3 rF 3 T but In the m-iddle wanted to try to draw a robot instead, l 
gave him a pan and told him to plan what he wanted It to look like. 
Ha got engrossed In tfrSwing, which gave his sister a Chance to use 
the bow again. Ha wanted to #ln4 out hew everything worked. Uhen I 
fold him 3 computer was getting the characters and translating thep 
into something the tdnUl COuld uhdsrstand, he wanted to see the 
computer. He went for a toirr upstairs, Affarwards h* wanted Se to 
give nip some wire so ha could build sakething electrical. 3 looked a 
little worried or something, because hs quicklg added. "| won't try 
to build a computer. Juet something little," 

His main problem was he was so sec i tod and wanted to do 
everything at Dnce. He was worried ofrewt not having much time, and 
tlher-e were so nany things he wanted to do. 


After almost three hours, their mother took them hoes, but 
they both said they wanted to return. 


THINGS TO DO 

!l turn tight on and off 

2 ) turn turtle so he can see the light 

31 turn turtle to show the fight to someorvs else in the room 


41 explain what each button dOSSh Uspecially the motion onafll 1 If ha 
gays, " i t moves* far both forward and back or "it turns" for both 
turning keys, try tc get the child to describe the difference between 
the b ut tone 

5) mcvo turtle to arbitrary points oh the paper tparhspa by placing 
several bowling pine around 3hd having th* turtle knock them aver! 

SI got turtle to chaee someone tit would be neat to have two 
children, two PowsS. and two turtles and get them to play tag} 

71 get turtle to draw when it moves 

31 move turtlie to clean spot on paper tihvdlves lifting' the pen} 

SI drgw figures like square 3 , triangle 3 , Idi SCOUT aye circles) 
letter^., numbers, 4 tc+ 

101 draw Child's na»e (lifting pen between letters} 

III connect the dots on s 0 »( surprise drawing you prepare 
12 ) park th* turtle under a chair 

131 draw dot tod tins tin response to this, onn 4 1/2 year old child 
wade the procedure "perujp pendQMn penyp pendowi penup pandown penup 
1G forward" and said "10 do it." The adults watching wsrg about to 
protest that that was wrong when we all realized that that procedure 
tbecause of the flare pel leaking Into the newsprint paper! produced 
a line Of Iargo dots. i 

14} Introduce memory box 

131 teach turtle tc draw something so that "do it" does it 

14) makn pretty symmetry by repeating something a lot 

15) h<ake a short square procedure (realizing all you need Is forward 
and turn) 


I SI teach everything they know about bd* to sibling or friend or any 
available kid tilke a passing faculty membnr) 


